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▼The characterization of transposon mutants can involve
several steps before a sequence is derived from genomic
regions that flank the transposon. In this report, we de-
scribe a universally applicable technique to sequence mu-
tant genomic DNA directly without prior cloning. Flanking
regions from Porphyromonas gingivalis Tn4351 transposon
mutants were amplified and sequenced directly after two
randomly primed polymerase chain reactions (RPCR) us-
ing primers derived from the unique internal region of the
transposon, and the end of its insertion sequence (IS4351).
This protocol can be used with transposons that contain ei-
ther direct or inverted repeats, which previously precluded
the use of direct sequencing methods, and is especially use-
ful with bacteria that are less genetically accessible.
In organisms that range from archaea to bacteria to eu-
karyotes, transposon mutagenesis is the method of choice
to generate selectable or screenable, random null mutations
(Ref. 1, 2). The characterization of transposon-disrupted
genes has, until recently, involved: (1) the identification of
DNA-transposon chimeric genomic fragments by Southern
hybridization using the transposon as probe; (2) purifica-
tion of hybridizing fragments followed by their ligation to
a cloning vector; and (3) selection of transposon-containing
recombinant clones by resistance to antibiotics or colony
screening by hybridization. This multistep procedure is im-
practical for the efficient characterization of large numbers
of mutants. Efforts have been made to simplify the cloning
step by embedding an Escherichia coli replication origin plus
a selectable drug marker within the transposon, thus ren-
dering genomic DNA-transposon fragments directly clon-
able (Ref. 3, 4). However, this is not a generalized method
as the transposon and antibiotic resistance markers often
have to be engineered to suit the organism of interest.
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One direct sequencing strategy, based on fragment size
selection, uses a restriction enzyme that cuts with frequency
within genomic DNA, but does not cut within the trans-
poson. The larger transposon–genome chimeric DNA frag-
ments are purified and used directly for sequencing (Ref.
5). Recently, another method (Ref. 6) was devised to en-
able direct sequencing of regions that flank transposons
frommutant genomicDNA templates after amplification by
randomly primed polymerase chain reaction (RPCR) (Ref.
7), thus eliminating the fragment purification step. For the
method to work, mutagenesis was carried out with a Tn5
derivative (Ref. 8) in which one of the IS elements had
been deleted so that a unique primer could be designed
from the remaining element. Flanking regions were ampli-
fied from mutant chromosomal DNA using the Tn5 end-
specific and arbitrary primers. However, unmodified trans-
posons are bounded by IS elements, which comprise either
direct or inverted repeat sequences that preclude RPCR and
direct sequencing, as a primer designed from the end of one
IS would also bind to the other, and resulting PCR prod-
ucts would contain a mixture of both flanking regions. In
addition, for most species of bacteria, relatively few trans-
posons are available for mutagenesis, and of these even
fewer have been manipulated genetically to eliminate re-
peat sequences.
To circumvent these problems, we modified the direct
sequencing method by using two specific primers and two
rounds of PCR. As a demonstration system we used Tn4351
insertion mutants of the gram-negative oral anaerobe Por-
phyromonas gingivalis strain ATCC 33277. Briefly, the first
PCR reaction used an arbitrary primer (ARB1 in Figure 1)
and a specific primer (primer a or b) that was designed
from a region within Tn4351 as close as possible to, but
still outside, the IS sequence. First-round PCR products
that contained DNA that had been amplified with the first
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FIGURE 1. Direct sequencingstrategy of Porphyromonasgingivalis DNA that flanks Tn4351 using random polymerase chain reaction (PCR). Arrowheads
labelled: a, first-round PCR primer (RPCR-tet1) from tetX to IS4351L; b, first-round PCR primer (RPCR-erm1) from ermF to IS4351R; c, second-round
PCR primer (R1030) from within IS4351L; d, second-round PCR primer (L78) from within IS4351R. The random primer ARB1 consists of three
segments (from 5′ to 3′): a 20-bp arbitrary sequence, a 10-bp random nucleotide sequence and another 5-bp arbitrary sequence. The 3′-end 5-bp
sequence can be modified according to the frequency of the target genome, for example, AGCGC if the target organism has higher G+C genomic
content. ARB2 is a subset (5′-domain) of ARB1.
specific primer were used as templates for the second PCR
reaction. The second-round specific primer (c or d in Figure
1) was derived from the terminus of Tn4351 to prevent am-
plification of IS sequences while increasing that of flank-
ing DNA when used in combination with arbitrary primer
ARB2, a subset of ARB1. This PCR product was purified and
sequenced using the second specific primer (c or d).
Protocol
Chromosomal DNA was isolated from P. gingivalis Tn4351
mutants with theMasterPure DNA purification kit (Epi-
centre Technologies, Madison, WI). Both rounds of
PCR were carried out in 50 µl reaction volumes that
contained 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 4 mM
MgCl2, 0.001% (w/v) gelatin, 250 µM of dNTPs (Perkin-
Elmer, Norwalk, CT, USA), 0.1 µM of each primer
(Midland Certified Reagents Co., Midland, TX, USA)
and 1.25 U AmpliTaq Gold DNA polymerase (Perkin-
Elmer).
Approximately 50 ng of chromosomal DNA was used as a
template in the first-round PCR, and 1 µl of the first-
round product was used directly as the template in the
second.
First-round PCR conditions were: 10 min at 95◦C; 6 cycles
of 30 s at 95◦C, 30 s at 30◦C and 1.5 min at 72◦C with 5
s increments per cycle; 30 cycles of 30 s at 95◦C, 30 s at
45◦C and 2 min at 72◦C with 5 s increments per cycle;
and 5 min at 72◦C.
Second-round PCR conditions were: 10 min at 95◦C; 35
cycles of 45 s at 95◦C, 45 s at 55◦C and 1.5 min at 72◦C
with 5 s increments per cycle; and 10 min at 72◦C.
The sequences of the specific primers were all de-
rived from the sequence of Tn4351. They were,
for RPCR-tet1, 5′-TGTCGTAGTTGCTCTGTCGGGTAA-
3′; RPCR-erm1, 5′-AATAGTAAAGTGCTGACCCGTAAA-3′;
R1030, 5′-TAGCAAACTTTATCCATTCAG-3′; and L78, 5′-
CAATAATCGACCTCGTAAAGACT-3′. Arbitrary primers ARB1
(5′-GGCCACGCGTGCACTAGTACNNNNNNNNNNGATAT-3′)
and ARB2 (5′-GGCCACGCGTCGACTAGTAC-3′) were the
same as those of O’Toole and Kolter (Ref. 6).
PCR reactions were performed in a Peltier Thermal Cy-
cler model PTC-200 (MJ Research, MA). Second-round
PCR products were isolated using a PCR purification kit
(Quiagen).
First- and second-round PCR products from template
DNA that was isolated from three P. gingivalis Tn4351 mu-
tants are shown in Figure 2. Specific primer a (RPCR-tet1)
and ARB1 were used as first-round, and c (RPCR-tet2) and
ARB2 as second-round primer pairs. As there are two ATATC
sequences in IS4351 that compliment the 3′-end of primer
ARB1 (i.e. GATAT), one would predict at least two PCR
products generated from RPCR-tet1 and the two ARB1 bind-
ing sites. Indeed, two such DNA bands were present at the
expected position in the first-round PCR products (Figure
2, lanes 2–4, white arrowheads). DNA bands that were
larger than the constant bands contained Tn4351 flank-
ing regions; however, depending on PCR efficiency and the
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FIGURE 2. Randomly primed polymerase chain reaction (RPCR)
amplification of flanking genomic DNA from Porphyromonas gingivalis
mutants. Lanes 2–4, first-round RPCR result using primers RPCR-tet1
and ARB1. Lanes 5–7, second-round PCR result using primers R1030
and ARB2. Mutant W3 (lanes 2 and 5) had a simple insertion of
Tn4351; mutants W9 and W11 (lanes 3 and 6, and lanes 4 and 7) were
R751 cointegrants. Lanes 1 and 8, DNA molecular weight standard. The
white arrowheads indicate two first-round PCR products generated
from RPCR-tet1 and the three ARB1 binding sites
length of the product, these larger bands are not always vis-
ible after electrophoresis. Flanking regions were amplified
in the second round of PCR using primers RPCR-tet2 and
ARB2. Amplified DNA patterns in the second round were
different from each other, and from the first-round PCR
products (Figure 2, lanes 5–7). For each mutant there was
more than one amplified DNA fragment, but they all had
the same RPCR-tet2 end and could be sequenced using this
primer. Good quality sequence was obtained for all of the
mutants, and disrupted genes (either lys-gingipain or rham-
nosyl transferase) were identified by database searches (T.
Chen et al., unpublished).
This direct sequencing strategy can be applied to almost
all transposon mutants. For compound transposons with-
out direct or inverted IS repeats, if sequences near the ends
of the transposon are known, a single specific PCR primer
that contains only one binding site can be used in both
rounds of PCR (Ref. 6). As demonstrated in this study, direct
sequencing can also be applied to transposons with IS ter-
minal repeats by using two different, specific PCR primers.
In addition, transposition is often complicated by cointe-
gration of the delivery vector resulting in the presence of
FIGURE 3. Orientation of R751–Tn4351 cointegrants in the
Porphyromonas gingivalis genome. a) Structure of R751::Tn4351*4 (Ref.
12), where * denotes tandem repeats of Tn4351. b) Cointegration of
R751 with the tetX (Tc) gene closest to the P. gingivalis genome. c)
Cointegration of R751 with the ermF (Em) gene closest to the P.
gingivalis genome. Arrowheads labelled a, b, x and y denote regions of
the sequence from which primers can be designed for randomly primed
polymerase chain reaction (RPCR) direct sequencing. Endonuclease
restriction sites and Tn402 are indicated for verification of the R751
orientation in the genome. Abbreviations: B, BamHI; H, HindIII; P, PstI; S,
SalI.
multiple IS copies in the mutant genome (Ref. 9, 10, 11).
RPCR amplification of the flanking regions is still possible
with cointegration mutants using a primer that is derived
from sequences within the transposon, but outside the IS.
The transposon delivery vector used in this study contained
tandem repeats of Tn4351 (Figure 3a) and thus there were
two possible orientations of vector–transposon cointegra-
tion (Figure 3b, c). Although it is usually not necessary,
both of the genomic flanking regions could be amplified
with primers that were designed to bind specifically to ei-
ther transposon or R751 sequences at the ends of the cointe-
grate (primersa, b, x or y in Figure 3). This strategy was used
to obtain RPCR products for P. gingivalis transposon–vector
cointegration mutants W9 and W11 (Figure 2, lanes 2 and
5) and to identify their flanking sequences.
The quality and quantity of RPCR-amplified frag-
ments depends on the frequency and distance from the
transposon of flanking sequences that match the 3′-
pentamer of the arbitrary primer. Morematching sequences
will generate more amplified DNA fragments of different
lengths, and if these sequences are close to the transposon,
PCR efficiency will be higher. Furthermore, RPCR efficiency
can be increased by designing a 3′-sequence that reflects the
G+C content of the organism, for example with the AT-rich
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random sequence GTATA for a low G+C organism. Thus, by
the method demonstrated in this report, the insertion site
of any transposon in the genome of any organism can be
located precisely, and the mutated gene identified quickly.
Importantly, it brings the direct sequencingmethod, which
previously was limited to more genetically accessible bacte-
ria, to less developed systems.
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Products Used
Masterpure DNA Purification Kit: Masterpure
DNA Purification Kit from Epicentre Technologies
dNTP: dNTP from Promega Corporation
dNTP: dNTP from PE Applied Biosystems
dNTP: dNTP from Pharmacia
dNTP: dNTP from Promega Corporation
dNTP: dNTP from Boehringer Mannheim
reagents: reagents from Life Technologies (Gibco
BRL)
AmpliTaq DNA polymerase: AmpliTaq DNA
polymerase from PE Applied Biosystems
Taq polymerase: Taq polymerase from Boehringer
Mannheim
AmpliTaq: AmpliTaq from PE Applied Biosystems
Thermal Cycler: Thermal Cycler from Techne
(Cambridge) Ltd
thermal cycler: thermal cycler from MJ Research
Inc
PCR clean-up system: PCR clean-up system from
QIAGEN GmbH
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